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学位論文内容の要旨 
 
学位論文題目 Analysis of physiological and psychological effects caused 
by changes in the visual environment and stimuli 
(視覚環境と刺激の変化に起因する生理及び心理的な影響の解析) 
 
数理・ヒューマンシステム科学専攻 
賈 東宝 
 
The eye is the sense organ which receives eyesight. Eyesight occurs on the 
basis of the optical information which is received with the eye.  
The eyeball regards photoreception. Structure of the cornea, the pupil and 
the lens etc actualizes optical action. The light in the retina is encoded in the 
nervous signal. The optic nerve along nervous information from the retina is 
transmitted to the brain. 
With respect to appearance, size and shape of the eye are different rather 
depending upon the person, however, the eye of the adult has the same 
structure (eyeball) and function excluding special case. 
In this article, results of using the advanced computer technology to 
analyze the physiological and psychological effects caused by the change of 
visual environment and stimulus will be reported. 
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There are two parts of the results: the first part is “The optimum colour 
temperature for illumination of Japanese-style gardens in summer and winter 
by the Cross-Evaluation Index”.  
Japanese-style garden is an important representative of the Eastern garden 
system, one of the world’s three major garden systems. It offer a wealth of 
spiritual and cultural value. Furthermore, the garden landscape is also an 
important part of urban landscape. With the increase of social stress and 
decrease space, gardens stand to offer oases of relaxation for citizens’ inner 
worlds. 
With social advancement and people pursue quality in nightlife activities, 
in recent years, lighting fixture technology has seen exponential progress, 
the diligent pursuit of colour-rendering properties, and increasingly diverse 
possibilities in colour temperature variation, it has become feasible to 
determine the optimum colour temperatures to facilitate artistic, charming 
atmospheres in Japanese-style gardens. 
In this study, we attempt to determine the optimum colour temperature for 
lighting Japanese style gardens at night. 
The quantitative and digital evaluation standards of the semantic 
differential (SD) technique were employed to analyse the influence of a 
change in light source colour temperature and determine the optimum colour 
temperature for lighting sources in the Japanese-style garden at night in 
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summer and winter.  
To avoid and minimize error, we verified the reliability and accuracy of 
the prior evaluation methodology for the SD technique. And we found that it 
provided one-dimensional and inadequate results in this instance. The 
improvement of the evaluation methodology is necessary. 
In consideration of problems in this vein consistently arise in the field of 
landscape lighting, we propose a new evaluation methodology for the SD 
technique and name it the “cross evaluation index.”  
By the Student’s t-test, we know that impressions of the optimum colour 
temperature for each element (vegetation, water, stone and structure) differ 
significantly from impressions of the other colour temperatures in summer. 
But in winter, because of the effects of snow, differences in impression of 
each colour temperature are not as distinct. Moreover, some evaluation items 
do not exhibit significant difference which should be omitted in the future 
research. And the colour of the natural environment or overall season affects 
peoples’ preferred light source colour temperature. 
The second part is “Application to SSVEP of chirp stimulus using Non-
Harmonic Analysis”. 
In recent years, research on brain-computer interfaces (BCI) using brain 
waves has been performed extensively. BCI was widely used in many fields, 
such as in the operations of games, service robots, and household electrical 
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appliances. To operate these features, motor imagery (MI) is used based on 
the motion imagined, and is always used in conjunction with steady-state 
visual evoked potential (SSVEP). For this purpose, a variety of research has 
been done to improve the distinction precision and time. However, In the 
general SSVEP measurement, although short-time Fourier transform (STFT) 
is widely used in the field of time-frequency analysis, it is difficult to achieve 
compatibility between the time and frequency resolutions, and such analyses 
result in side-lobe artifacts, as the frequency resolution depends on the 
analysis window length. 
In consideration of problems in this vein consistently arise in this field, we 
proposed the use of non-harmonics analysis (NHA)—which is a new highly 
precise frequency analysis method and the influence of the analysis window 
length is small—to analyze continuous changes in and determine the 
classification accuracy of SSVEP. 
Moreover, using the chirp stimulus which brightness value of presented 
stimulus changes as a sine wave, it is possible to reduce the effect of 
frequency distortion caused by refresh rate, for this experiment. 
We have measured and analyzed the results of brain wave of the presented 
chirp stimulus by liquid crystal displays (LCD). As the change of linear 
SSVEP can be measured, the correctness of stimulus that is not depend on 
the refresh rate can be indicated and the approximate value of presented 
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frequency can be derived accurately.  
By the comparison of the results of STFT and NHA, we found that under 
the influence of analysis window, the side-lobe occurs and the 
reproducibility is bad in the case of STFT. And as the analysis of frequency 
change is section by section since the frequency resolution is low, it is bad 
for the reproducibility of LCD. However, the validity of NHA is extremely 
higher than STFT, it is possible to analyse the frequency change of stimulus 
in detail since the influence of analysis window length is small. Therefore, 
as NHA can analyze and present the reaction and frequency change as a 
linear, it is effective to the SSVEP and brain wave change, and enables to 
corresponding to the experiments of LCD. Moreover, the effect of frequency 
distortion associated with the refresh rate of monitor was reduced since the 
presented stimulus as a sinusoidal pattern. 
                                 
【論文審査の結果の要旨】 
 
 
当学位論文審査委員会は、標記の博士学位申請論文を詳細に査読し、また論文発表会を平成 30 年
2 月 6 日(火)に公開で開催し、詳細な質疑を行って論文の審査を行った。以下に審査結果の要旨を記
す。 
近年、視覚分野の発展により、視覚環境の評価と視覚刺激の解析に関する研究が増えている。評価
方法としての感性工学は比較的新しい工学技術で、人間の感性を科学的に研究して個人または組織が
提供する製品またはサービスにその有用性だけでなく、使用者の感性を評価して提供しようとするも
のである。世界各国でも様々な大学、研究所で心地よい、楽しいといった人間の嗜好やフィーリング
を分析・反映についての研究が行われている。しかし、評価対象の数や種類が多様化になることより、
感性工学は、被験者の微小な生理及び心理的な変化を分析することが困難である。脳科学は解析精度
を高めて、時間的に変化する振幅と周波数等のパラメータを抽出、解析、そして可視化することがで
き、評価対象の違いが小さくても、被験者の生理及び心理が微妙に変化しても、詳細な差別を呈示で
きる。 
本学位申請論文では、感性工学と脳科学を利用して、視覚環境と刺激の変化に起因する生理及び心
理的な影響を正確に解析して、日本庭園における最適な照明光源色の決定と視覚刺激における高精度
な周波数変化の解析に関しての研究をまとめたものである。 
本学位申請論文は 4章から成っており、各章の概要を以下に示す。 
第 1章では、研究背景である感性工学と脳科学の発展及び応用、そして視覚環境と刺激の変化に関
する研究の現状などについて述べ、本研究の目的と意義、本論文の構成を述べている。 
第 2章では、夏季と冬季の日本庭園における最適色温度の決定に関して述べている。本研究では、
感性工学の SD 法によって、4 大庭園要素に対する 7 種類の色温度の因子スコアを得た。新しい評価
方法 cross-evaluation index を提案し、それぞれの景観に対して最適な照明光源色を決定し、視覚環境
の変化に起因する心理的な影響を解析した。 
第 3章では、NHAによる SSVEPへ応用し、高精度に解析と可視化した研究について述べている。
本研究では、NHA を用いて SSVEP 計測データを正確に解析し、従来法は観察できない微小な周波数
変化を可視化できる可能性に着目した。多数の視覚刺激による微小な生理及び心理的な変化を従来法
と定量的に評価し、時間的に変化する振幅と周波数を正確に解析した。 
第 4章では、本研究の結論と今後の展望に関して述べている。 
本学位申請論文の研究により、静的な視覚刺激による感性情報にモデリング手法を取り入れ、感情
評価の精度向上を行い、心理的な影響を解析ができることを実験的に示した。また、EEG と超信号
解析法を使って、動的な視覚刺激による脳活動の微細な信号変化を可視化できることを示した。これ
により、間接的な感性工学と直接的な脳計測を融合させる新しい試みで、今後の視覚研究の発展に大
きく貢献ができると考えられる。 
